Abstract: Background: Since only the medium correlation between current anthropometric and radiographic way in measuring angle of hallux valgus (AoH) was reported, this study first aimed at designing a new way to measure the AoH (AoH new ) and then evaluating its reliability and validity. Method: Fifteen ages-, body weightand height-matched male students were recruited and those with foot disorders, deformities or injuries were excluded. The dorsal protrusion of the first metatarsal head (MTH) and base (MTB) and hallux were marked by palpating from one experienced observer. Then their barefoot model in standing was collected by a three dimensional laser scanning system. The AoH new was defined in X-Y plane as the angle between the line joining the marks of MTH and MTB and the line connecting the marks of MTH and hallux. Another session was measured one week later. Other measures based on the way of footprint, outline and radiography were also available for comparisons. Paired-T test, linear regression and reliability analysis were applied for statistical analysis with significant level of 0.05 and 95% confidence interval. The results show that no significant differences were recorded between the new method and radiographic way (p=0.069). The AoH new was superior to the methods of foot print and outline and it presented a relative higher linear correlation coefficiency (r=0.94, r2=0.89) with radiographic way. Moreover the result of new method was proved to be reliable (CoV=9.2%, ICC =0.940). Conclusion: This new method could be used for hallux valgus inspection and diagnosis.
Introduction
Hallux valgus is a kind of deformity on the hallux and first metatarsal. Aetiology of this deformity could be explained as either heritage or environment factors [1] [2] [3] , such as gene inheriting or wearing the unfit footwear or even the problem of obesity. Prior to the correct diagnosis of hallux valgus, it is important to define a way to measure it. Thereby, an angle of hallux valgus (AoH) indicating the relative position between the hallux and first metatarsal was constructed to describe the degree of deformity objectively and quantitively and it has been widely applied on the clinical and scientific areas. Currently, two major approaches were reported in literatures: one was radiography; the other was anthropometry. In term of radiographic way, the AoH was defined as an angle between the lines of centre longitudinal axis of the first metatarsal and the axis of hallux connecting the first metatarsophalangeal joint (MPJ) [4] [5] [6] [7] [8] ; in term of anthropometric way, the AoH was determined by directly measuring the relative position between the hallux and first metatarsal. Kilmartin Finger Goniometer [9] invented by Kilmartin and Bishop was one of anthropometric approaches mostly utilized. When the subject stood barefoot in the flat and hard surface, the goniometer was directly located over the first MPJ with one arm touching the prominence of hallux and the remaining arm being stretched against the mid line of the medial surface of the first metatarsal shaft. While, other two anthropometric ways were based on the foot print and outline. Although the radiographic way provided both accurate and reliable data [5, 6] , it was considered to be costly, time consuming, as well as un-ethic for participants. These drawbacks limited its routine application. Since anthropometric measures as an alternative way only recorded a medial correlation with the radiographic approaches [5, 6, [10] [11] [12] and this medial correlation could not meet the needs of the clinical diagnosis and the quantitative scientific analysis, a new anthropometric approach should be designed to improve the correlation coefficiency. A question was proposed that if the new anthropometric approach could take advantages of both two traditional ways and then the AoH was predicted by dorsal protrusion of the first metatarsal head and base (MTH/MTB) and the hallux which were recognized by the way of palpation, would the correlation coefficiency be promoted? Therefore, this study first aimed at designing a new way to measure the AoH and then evaluating the validity and reliability of this method in contrast with anthropometric and radiographic approaches. Since the new method combined the merits of both traditional ways, one hypothesis was suggested that a better correlation between the new and radiographic way would be received.
Methods

Participants
Fifteen age-, body weight-and height-matched and healthy male students were recruited from Sichuan University. Students with a lower limb disorder, foot deformities or injuries were excluded by the visual inspection. The aim and procedure was explained and participants have given their written approval before the measurement. This study was supervised by the ethic committee of Sichuan University and the procedure of measurement followed the declaration of Helsinki.
Measurement of new angle of hallux valgus (AoH new )
At first, a foot model with both sides in upright barefoot standing was collected by a three dimensional laser scanning system (INFOOT USB: Standard type, I-Ware Laboratory Co., Ltd, Japan) and the reliability of this system has been proved to be excellent [13] . The scanning area of this system was 400 (L) ×200 (W) ×150 (H) mm, the frequency was 50/60Hz, the scanning speed was 30mm/sec and the error was one to two mm in Y-Z and Y-X plane respectively. Prior to the scanning, the dorsal protrusion of the first MTH and MTB (along the first metatarsal shaft) and the hallux were determined by palpating from one experienced observer and then marked by the textile dots ( Figure  1 and 7) , in order to recognize these positions through the laser scanning. When the scanning completed, the marked foot 3D model were outputted to the software of Powershape (Powershape, Delcam Co., Ltd, UK) for further analysis. One line was drawn jointing the marks on the first MTH and MTB, while another line connecting the marks on the first MTH and hallux. Thereby the angle in X-Y plane between the two lines was defined as the AoH New (Figure 1 ). Another measurement was taken place in a week later with the same procedure and by the same marker. 
Measurement based on foot print/outline
With the help of Powershape, a foot print in X-Y plane was extracted from the first frame of the foot model, while the outline was considered as the frame with the largest area, where both the foot length and width were the largest (Figure 2 ). Based on foot print and outline, the AoH footprint and AoH outline were constructed by the medial tangent of fore-hind foot and the one of hallux-forefoot. 
Measurement based on radiography
X-ray photograph was first captured by a radiographic scanner (1/2P18DK-80S, Shimadzu Corporation, Japan) and then this picture was analyzed by the CorelDraw software (Version 12.0, Corel Corporation, Ottawa, Canada). The AoH X-Ray was defined as an angle between the lines of centre longitudinal axis of the first metatarsal and the axis of hallux connecting with the first MPJ (Figure 3 ). 
Statistical analysis
In order to provide an independent result, only the right foot was analyzed. The normal distribution was examined first. Validity of AoH new to AoH X-Ray were explored by Paired-T test and linear regression model individually; while the reliability of our new method was evaluated by coefficiency of variance (CoV) and intraclass correlation coefficient (ICC) [14] . All statistical models were operated under the software of SPSS with the significant level of 0.05 and confidence interval (CI) of 95%.
Results
The mean age of participants is 23±0.2 y, mean height is 1.72±0.02 m, mean body weight is 60.5±2.5 Kg and mean BMI is 20.55±0.77. All the data confirms the normal distribution. No significant differences existed between AoH new and AoH X-Ray (p=0.069), while significant differences were reported between AoH footprint , AoH outline and AoH X-Ray (p=0.000 for both). The linear correlation coefficiency between AoH new , AoH footprint , AoH outline and AoH X-Ray showed from Fig.4 and AoH new demonstrated the highest correlation with AoH X-Ray (ICC=0.927, r=0.94, r2=0.89, CoV=7.8%, p=0.000), whereas a medium correlation was found for AoH footprint (ICC=0.692, r=0.71, r2=0.50, CoV=19.6%, p=0.001) and AoH outline (ICC=0.693, r=0.70, r2=0.49, CoV=21.3%, p=0.001) . The inter-session reliability of two independent trails showed to be excellent, where the CoV was 9.2%, ICC was 0.940 (p=0.000). Fig.4 Linear correlation between the anthropometric and radiographic methods in AoH measure.
Conclusion
This study provided a new way to measure the angle of hallux valgus based on the relative position between dorsal protrusion of the hallux, the first MTH and MTB in X-Y plane. Comparisons were also made between the new method and the radiographic approach. Moreover the reliability of the new method was assessed through the data obtained in two independent trails with one week interval. Results showed that our AoH new was not only superior to the foot print and outline method by representing a relative higher linear correlation with radiographic way, but also our result was demonstrated to be reliable and repeatable. Describing the protrusion of the first MTH by the way of palpation was first proposed by Spooner [2] and he also contrasted the accuracy of palpation with radiographic picture. His result showed that the way of palpation was as accuracy as that of radiography. Unfortunately, he did not discuss the potential application of the way of palpation in defining the AoH. In term of anthropometric method, Kilmartin [9] reported his Goniometer with a good linear correlation when comparing with the radiographic one (r=0.75, r 2 =0.56). While, Park [12] measured both foot print and X-ray picture of 26 participants with age between 15 to 70 and the correlation of two methods was recorded as r=0.75. Similarly, the result of Sander [11] was r=0.9 for rank correlation. In our study, the result of AoH footprint and AoH outline confirmed the above studies, while our new method showed to be optimal (r=0.94，r 2 =0.89), in contrast with radiography and no significant differences were seen between them. Moreover, suggested by Spooner, our new method with merits of simplicity, repeatability and accuracy matched the requirements to be a qualified measurement protocol [2] . There are limitations existed. In term of sample size, although a small sample size strategy was opted in our study, these participants were the age-, gender-, body weight-and height-matched samples and these factors would not affect the results. Thereby a small sample size was able to reach the level of statistical significant. Another limitation was the absence of intra-session reliability evaluation. Since only one researcher marked the foot positions and in a short period he/she could memory the features of participant's foot, the consecutively marking process for two or more times was meaningless. In order to confirm the result of this study, the future work will focus on the clinical application of this new method by measuring a large amount of sample size. The new method combines the principles of radiography and anthropometry, so it is optimal to replace the traditional ways in AoH measurement. Furthermore this method could provide reliable results and it could be easily applied in routine hallux valgus inspections.
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